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Motivation

Disentangle

final versus initial state effects

duc to multi gluon interaction in the nucleus

[deal tool
real photons and dileptons

(also: no fragmentation function)

restrict discussion to:

o gA = y(y")X
at medium and large py,

but large forward photon rapidities —

exploring the & — 0 region in the nucleus

al lixed cnergy

e fixed QCD coupling .



kinematics for parton; + parton, — — = photon

~3=2.5 0 25 5

average momentum fractions:

L) = TeXpY, Lo = &1exp (—y), o = :‘;{;
for My > 0.5 GeV and /s = 200 GeV

[taken from A. Seezurek (2003 ]
and for My =3 GeVand y = 0(3.5) : &y = 1.5 102 (4.5 107
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Bremsstrahlung of a quark
propagating through a large nuclens: gA — %X
cross section for massive 4%, M and massless ¢
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Dipoleformulation - impact parameter representation:
(¢f. for DIS)

de 2 om 1+ (1—2 2 i 9 -: YU
: (T —_— jlr? 1 T ( } / d%r ! Ffj,h t’_"r'i P& =)
dzd’k d?0  (27)? 2
AR

o K (nze ) K (ny,) [;"&':{:;E'*!E:I t i‘w"(.z,tﬁ,g) — N{z(Z) — ;E}l),gj}
g

- ; ki 7 " , M. ey
for transverse v*, 2 = ;_f (light cone momentum fraction) = ==
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n* = (1 — z)M? and transverse mass M |

qq ... dipole amplitude: N(Z,,b) = Ny (2 b, Y =1Inl/z),
and N(&,,b)=1—S8(&,b)

MecLerran - Venugopalan model:

S(#1) = exp(—L/2)) = exp(—22 Q/4), A = 1/po,
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Reminder: DIS - dipolemodel

ftaken from A, H. Musller (2001)]
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Dipolformulation - & factorized representation
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Derivation: lightcone bremsstrahlung amplitudes

le.g. BDMS (1998)]



Real (“igolated™ ) photon production: g4 — vX
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o pQCD factorization: comparison with LO hard &, pQCID 2 — 2
cross section from gG — ~q, for &% > Q? |
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e explicit 1O check:
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Fvolution of o(q . 6. V),

e BIFKL from N (7. b, Y):

| dA 2= [._ i
& = 167 [ i &P [Zf,}r__gx()u)‘fr —(1—=MA)In Q0

initial condition at ¥ = 0: MV distribution with scale

2t
9 a;Cp [ A
Qury = 5 (H'ﬁ)

saddle pomt solution:  @,Y large and vanishing saddle point

for g1 = Qu(Y)
— diffusion into saturation regime ¢, < Qu(Y)

— Y dependence even for qp = Qy(Y), ¢ ~ 1/a,Y

e BI'KL in presence of saturation -

including non-linear BK-type effects

A H. Mueller and 1}, N. Triantafyllopoulos (2002)]

= successfull comparison with numerical solutions of the

Balitzkv-Kovchegov equation
? BOV €d TALL RY

[J. 1. Albacete, N. Armesto, A. Kovner, ., A. Salgada, 1T A, Wiedemann (2003)]




"'. H. Mueller and 70 N, TriantalylTopoulos (2002)

R I 22/ 2 In 4{;}“(&_1_

saddle point conditions: L 1/9
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for Mg :
* X'(Ao) + R(Go) =0
* x(Ao) = (1 = ) R(Qy) =0
for As :
e X' (AJ)+ R(Q.) =0
X(A) = (1 = AR(Q.) = 3/2Inlda, " (XY )/ &Y

~r mY
= p,+ O —~-J,



Balitzky-Kovchegov equation - numerical solution

|-f. . Albacete. N. Armesto, A, Kovaer, O, AL Salgado, U, & Wicdemann L'JU'[]J!.:']
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 p

normalized to 1 at & — oc. Upper plots: BK evolution, with MV
as initial condition with @ — 0.1 GeV? for p and 2 GeV? lor A,
Lines from top to bottom correspond to Y = 0, 0.03, 0.1, 0.2, 0.4,
0.6, 1, 1.4 and 2. Lower plots: BFKL evolution, with MV as initial
condition with @7 = 4 GeV” for p and 100 GeV? for A. Lines from
top to bottom correspond to Y — 0, 1 and 4.

Ratio of distributions """ and A = ¢ in nucleus and proton,



cutting out diffusion into saturation region, i.e.

require ¢ to vanish close to the saturation boundary

scaling “solution”

" qi 1 ¢
D= Dy ( )\n) “ﬂ Q""[ + 1— ,3\{_]] EKI}I—(] == )'t[].) In Wl
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[taken from A. H. Mueller and D, N, Triantalylopoulos (2002}]



Balitzky-Kovchegov equation - numerical solution

[J: 1. Albacete: Ni Armesto. A. Kovner, C. A. Salgado, U. A. Wiedemann (2003)
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K/, k/Q,
bottom-left The scaled function A(p) = © versus p = k/Qs

for Y =4,6,8, 10 and the same initial conditions and conventions

(lines cannot be distinguished). bottom-right: Ratio of (Y, p)/h(Y, p —

1) over A(Y — 10,p)/h(Y = 10,p = 1) for Y = 4 (solid line), 6

(dashed line), 8 (dotted line) and 10 (dashed-dotted line), and ini-

tial condition MV with Q? = 4 GeV?,



Range of scaling behaviour for ¢(q7.Y)

(A H. Mueller and D. N, Triantafylloponlos (2002)]

v i Qi (Y)  QXY)

(1t = Quv)

valid at large rapidity Y for:

¢ =Q > Qc: n(Q*/Q?) << J1a.x"(A)Y

g =0 < Q. : fIlQ/Q){‘;_\ N



Y™ cross section at large ¥V

o replace
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prediction for large Y

e parametric estimate for ratio
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(sealing regions of A and p overlap)
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1.e. suppression, independent on &, and Y

o cf. with R, for produced glhions



'R. Baier, A. Kavner, [/, A, Wiedemann (20061)]
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Ciluon yield produced m p-A collisions, normalized to the per-
turbative yield for the MV gluon and to the peripheral vield for the
evolved gluon distributions. The different curves are for the quasi-
classical expression (dashed curve), the k/-factorized spectrum with
MV gluon (solid curve), and with evolved gluon distributions
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Balitzky-Kovchegov equation - numerical solution

[J. 1. Albacete, N. Armesto, A, Kovner, C. A, Salgado, U. A, Wiedemann (2003)]
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Ratios R,4 and R4 of gluon vields in p- A (upper plot) and
A-A (lower plot) for BK evolution, with MV as initial condition
with @2 = 0.1 GeV? for p and 2 GeV? for A. Lines from top to
bottom correspond to Y = 0, 0.05, 0.1, 0.2, 0.4, 0.6, 1, 1.4 and 2.




